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IMPROVEMENTS IN AND RELATING TO CONTROLLING 

DRUG DELIVERY APPARATUS 

This inv=„Uo„ relates .o *e ocn»cl of d^g delivery apparatus, for example such apparams 
for delivering a drug to a patient's lungs through inhalation. 

. number of devices a. available for delivering a drug into «,e lungs of a patier. A 
pneumatic or jet-type nebulizer is particularly effective in supplying an aerosoUzed drug^ 
nhalation. but otiter types of nebulizers are also available, such as a ultrasomc «>e 
nebuli^r in which the drug to be atomized is for«d ti^ough a mesh by vb^tmg 
piezo-eleotric crystal, whereupon the droplets passing through the mesh are entramed m tit 
air being inhaled by tite patient. TTte mesh gauge determines tire si. of ti.e droplets wh.ch 
enter the air stream. Alternatively, dosimetiic spacer can be used. When using a spacer, the 
drug is intioduced into a holding chamber of tite spacer, eititer in aerosolize! form, or by 
loading tite air witi^n the holding chamber witi. tite drug in powered form. The patient titen 
hreatites from tite holding chamber, tite^by itJtaling tite drug laden air. Such spacers are 
particularly effective when treating children or elderly patients, and for use witi. ce«atn 
drags The drug is normally delivered over a number of breatits. Of course, the 
concentration of tite drug in each bread, deceases over time as a result of dilution caused 
by ambient air entering tite holding cham^r ,0 replace tite air being inhaled by tite patten, 
and as a result of tite deposition of tite drug wifliin flie chamber. 

AS will be appreciated ftom tins specification, tite invention applies to all differem types of 

drug delivery device. 

When a doctor prescribes a particular drug for treatinent of a patient, tite patient not only 
requires a supply of tite drug, but also requires a drug delivery apparatus, for example a 
nebulizer or a dosimetric spacer. In tite case of a nebulizer, tite prescribed amount of drug 
for a treatment is placed in tite nebulizer, and in most cases, tite patient inhales from the 
nebulizer repeatedly until tite prescribed amount of drug has been delivered. Unfommately, 
tins is no guarantee of tite patiem receiving tite required dose in his or her lungs. Most of 





. e^aus^d *e on exh.a«on. « , 
.^eh i. aeUv^ea by ^ — *^ ' ,^11 since *e effectiveness of 

tt,e d^g delivery depends on m ^^^^ f„ 

W^les deeply and regularly. *en plenty of .he drug ^^^^^^^ 
p.ien. e^HUng synrpton. of pulnto.^. ^ ^^^^ ^„ 

„ea»en. .ay 1. — J ^1"^: ^d .o .e paUent sue. drat they not 
substantially reduce the amount of the drug ae 

1 • J i-rk+#»r»n^. 



receive as much of the drug as their doctor intends. 



♦v,« market a nebulizer which 
More rectly. the a.lic.t for ^s pa.n. p.^ - ^„ , 

calculates the dose of the drug ^ ^ „Mch the patient 

applied to the patient ^-^^^^l^^"^ ^ ^ *e patient will insert 

quires. The patient is prescribed a par«cu^^ d™.^-^ ^ 

.He drug, usually in liquid fomr, into the ^^^^ ^ZZ is ^g- -h that it only 
„ebuliz« and the drug is delivered to the -^^^^ ^ .„a the 

aelivers the drug during the «rst fi«y ^^ZZl^:^:!^^ and ftonr this, the 

- tate of inhalation of the ^^^^^^J^^^^^ ^ ,,,„,.rmned dose has 
dose of drug received by the pattern can be ealcula 

.een delivered, the nebulizer will ,«,„..ed. The 

j„,„ remains within the nebulizer which has not 
Aether or not any drug remanis ^^^^^ 

.tomis^ must be reset before the next dose of the drug ^ ^ 

disclosed in Medic-Aid Linuted's e^lier paten, publlcaUon (GB 
riy incorporate the infonnation contained herein by this reference. 

.be applicant, product has slg..c.tly -^l---::::^: 
patienfs doctor wishes to change *e dose of .ed™^ ^^^^^^ 

^'-^^ .'^rlpir ttrrwil : rlctlg and dose detai. 
reprogrammmg, or to replace u w 





a ^o»n drug delivery system. *e prescribed drug U supplied in individu^^rug v.ls. 
eaeh of which contair. *e required drug for a single ttea«„en.. Tl-us. a number of v,als 
will nonnally be supplied .0 the patient for use one at a time over a period o , say one 
month, in that atrangement. each drug vial carries a bar code the^n ^^'^^^^^'2 
each treatment, the bar c^e is read by a bar code reader on the atomizer to .denffy «ha 
fte drug is Which is to be delivered. However, the/bar code mu.. be attached to each vta^ 
requiring increased manufacturing costs and also the carrying out of regulatory approva^ 
1 to ensure that the adhesives of the label ^d the dyes used will not contamma. *e 
arug within the plastic vials or reduce the storage life of the product. Long term stabthty 
testing over two or three years is required. 

According to another prior art arrangement, narcotic drugs are delivered using an atomiser 
for pain relief In that case, it is clearly important to restrict access to the - of 
delivery apparati. wifl, titat drug to the patient concerned. The patient is supphed wtth an 
.button Which is icept separate ftom the drug and the atomiser, and which must be touche 
against a contact surface on the atomiser in order to activate it for a treatinent. The button 
is merely used as a key to unlock the atomiser for a single treatment. 

According to a first aspect of tite invention, a drug package comprises a plurality of drug 
vials containing drugs for delivety to a patient in a drug delivery device; and a data earner 
including drug treatment infomtation for use by the drug delivery apparatias. Preferably, the 
drug treatment infonnation includes a. leas, one of flte following items of treatment 

information: 

a. the dose of drug to be delivered, 

b. the drug which is to be delivered, 

c. the expiry date of the drug, and 

d. the number of treatments in the package supplied with the data carrier. 

Preferably, the drug delivery apparatus is one for delivering the drug in the inhaled air 
stream to the lungs. The drug delivery device may be one of a pneumatic nebuhzer, a 
piezo-electric nebulizer or an ultrasonic nebulizer. The invention is not, however, Imuted 
to these types of nebulizer. 
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The data carrier is preferably in the form of a button. The data carrier may be moved to a 
receptive surface or region of the drug deHvery apparatus in order to transfer the details the 
treatment into the nebulizer. Preferably, only one data carrier is suppUed in the package, 
and each time a vial of drug is to be delivered, the data carrier is moved into the region of 
the drug delivery apparatus to transmit the treatment information to it. The data carrier will 
normally only transmit the treatment information to the apparatus on a limited number of 
occasions corresponding to the number of drug vials supplied in the package, or the 
apparatus will only allow a limited number of treatments to be delivered, corresponding to 
the number of drug vials. 

Preferably, the data carrier is a radio frequency device which is powered inductively from a 
radio frequency transmitted within the body of the drug delivery apparatus. The data 
carrier will generate an r.f. signal in return which will be superimposed on the driving r.f. 
signal from the atomiser, and which is received and decoded by the atomiser. 

In addition, it I preferred that information concerning a treatment be transmitted back to the 
data carrier where in it recorded. Once the pack is finished, the data carrier may be mailed 
back to the doctor, or transmitted electronically by telephone so that the doctor is able to 
view how the treatments have taken place and whether or not the patient has been using the 
drug delivery apparatus correctly. 

Since the data carrier is supplied in or on the package with the vials of drug, minimal 
regulatory difficulties are encountered, hi addition, if a patient tries to use an unauthorised 
drug in the device, the atomiser will not operate. This is important since some drugs, such 
as Dnase or AlAt, which are protein based drugs, may be damaged of they are 
contaminated with other drug substances. An atomiser device should only be used for this 
one drug, hi addition, of a drug formulation is not compatible with the plastics used to 
manufacture the delivery apparatus, if the drug has been identified to the atomiser, it will 
not operate. 

As a result of the use of the data carrier, each vial can contam more drug than is expected 
to be used so as to allow for inefficiency in the patient's breathing patterns, such as in a 





MDI spacer system or to pediatric patients. In addition, the use of the vials containing 
larger amounts of a drug can be supplied for different treatments. The treatment 
information with the data carrier controls the dose of the drug delivered. Thus, a single 
vial size of drug can be manufactured and sold, but the size of dose can vary widely 
depending on the dose information carried by the treatment information. This results in 
economies of scale and reduces regulatory submissions. 

According to a further aspect of the invention, a drug delivery apparatus includes a delivery 
portion for delivering a drug to a patient; an input for receipt of treatment information for 
each treatment to be administered to a patient; and a nebulizer controller for controlling the 
amount of drug delivered to a patient on the basis of the tteatment information received. 
Preferably, the input is a radio frequency input which receives the treatment information 
from a data carrier at radio frequency. Preferably, the input is additionally arranged to 
transmit completed treatment information to the data carrier for recordal. 

Preferably, the atomiser includes an authorisation portion which prevents atomization if 
any of the treatment information, such as the expiry date of the drug, indicates that the drug 
is not suitable for delivery. 

According to a fiarther aspect of the invention, an electronic data carrier for use with a drug 
delivery apparatus comprises a memory for holding treatment information concerning the 
use of the drug delivery apparatus in delivering a specified drug; and an output for 
transmitting treatment information to the drug delivery apparatus. 

According to a further aspect of the invention, a drug delivery system includes a drug 
delivery apparatus for delivering a specified drug; and a electronic data carrier containing 
treatment information relating to the specified drug, the data carrier including an output for 
transmitting treatment information to the drug delivery apparatus before each treatment 
with the specified drug whereby the drug delivery apparatus delivers the specified drug in 
conformity with the treatment information. 

According to fiirther aspect, a method of operating a drug delivery apparatus comprises: 
supplying a number vials of a drug for use with the drug delivery apparatus; 



supply for a data carrier including treatment information; 

transmitting treatment information from the data carrier to the drug delivery 
apparatus; 

placing an amount of the drug in the drug delivery apparatus; and 

delivering the drug in accordance with the treatment information from the data 

Embodiments of the present invention will now be described with reference to the 
accompanying drawings by way of example only: 

Figure 1 shows an atomiser for delivery of a drug, including a receptive region, together 
with a data carrier in the form of a button; 

Figure 2 shows part of a flow diagram of operation of the nebuliser shown in Figure 1 ; 
Figure 3 shows the remainder of the flow diagram shown in Figure 2. 

Referring to Figure 1, a nebuliser 10 is shown including a body 1 and a mouth piece 2 
through which a patient breathes to receive an atomised drug during his inhalation. In 
addition, the nebuliser includes a display 3 for displaying information concerning the use of 
the machine and the treatment being delivered, and an input 4 in the form of a region in 
which a data carrier in the form of a button 5 may be placed in order to transmit 
information concerning the treatment into the device 10. 

In this case, the button includes a small microchip to which is connected an aerial. The 
atomiser 10 includes a radio frequency transmitter connected to a further aerial for 
generating a radio frequency signal. When the button 5 is placed in the region 4, the aerial 
within the button receives the radio frequency signal and generates electric power to 
operate the microchip. The microchip is then caused to generate an additional RF signal 
through the aerial in the button which contains treatment information. This is detected 
within the nebuliser, so that the nebuliser receives treatment information from the button. 
In addition, the nebuliser can generate an additional RF signal to download information 
concerning actual treatments on to the button so that the button may store information 
concerning treatment which may be read and analysed later. 
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Wonnation concennng to «=»nen. which has been carried cu. can be downloaded on to 
d,e dau. carrier after the treatment, or before the next treatment is started. Furtherm<»re, on 
completion of delivery of a dose, the drug delivery apparatus decrements the number of 
treatments left to be supplied by the package of drug associated wiflt that data carrter. 

The data carrier includes a number of data fields which axe programmed into the carrier 
before it is inserted mto a package of drug. Ms includes the number of treatments whtch 
can be derived ftom that drug package, a s^urity code or access code whereby the securrty 
code of the data carrier identifies to the drug delivery appara«ts so that it may only be used 
«, deliver one set of treatments corresponding to the package of drug with whrch rt >s 
supplied. Tlte data carrier also includes a drug identificafion. the dose to be admmtst^ed 
in each treatment, and the expiry date of the drugs. In addition, if the data carrier ts us^ to 
record the delivery of treamren.^ the drug delivery apparatus can download informatton on 
to the data carrier, including the serial number of the drug delivery apparatus m order to 
idenUfy the machine and the paUent, the number of treatments used, and other informatton 
concerning the treatments. 

A telephone interface can be supplied whereby the information downloaded on to the da|a 
carrier ftom the drug delivery apparatus may be passed down a telephone line to the 
nranufacn^r or the doctor. It would identify the type of drug delivery apparatus, .ts serral 
number, the drug idenfification. the number of tteatments of drug used, and any other 
usefirl infomtation. Of course, the data carrier could also be mailed to the manufacturer. 



or to the doctor. 



The use of the data carrier in this way has a number of different advantages. Firstly, .t can 
prevent the use of unauthorised dmgs in that drug delivery apparatus. This is advantageous 
for two reasons. FirsUy. protein based drugs as Dnase or AlAT may be damaged rf they 
are contaminated with other drug substances. Therefore, any drug delivery apparatus 
delivering one of these drugs should only be used for that one drug, and no other. In 
addition, the dose programmed into the drug delivery appara«,s for a differem drug may 
not be appropriate for all drug substances. TTrus. the chance of the wrong dose bemg 
delivered to the patient is minimised. Also, some drugs may not be compatible wtth the 
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drug delivery apparatus concerned, for example with the plastics used to manufacture the 



device. 



hi addition, rather than the amount of drug delivered being controlled by the nominal 
volume drug in the phial, they are controlled by the dose treatment information in the data 
carrier. This is important since it allows more drug to be included in the vial than is 
normally needed to take account of inefficiency in the patient's breathing patents. It also 
means that different drug doses can be prescribed to the patient using the treatment 
information in the data carrier, but that one vial concentration can be manufactured and 
sold for all of these different doses, thus optimising economies of scale and reducing 
regulatory submissions. In the past, it would have been necessary to supply different 
concentrations or different volumes of a drug depending on the amount prescribed. The 
use of the data carrier means that fewer volumes and concentrations of a drug need to be 
manufactured. 

The data carrier is also able to record information concerning patient compliance with his 
regimen, and can even drive a direct prescription. A doctor can be confident in the 
information received from the drug delivery apparatus which is recorded on the data 
carrier. The doctor does not need to rely on the patient's own reports of compliance nor 
their inhalation efficiency. 

Since the data carrier is supplied with a number of vials of drug, different styles of packs 
can be used for different therapeutic applications. Some drugs must be supplied in a plastic 
unit dose phial, and others must be supplied in two-part packages for reconstitution at the 
point of use. Both of these drug vials can be accommodated because the data carrier is 
attached to the outside of the box, and contains the dosing information for the whole pack 
of the drug, typically one month. It is not attached to individual drug vials, and minimises 
the packaging, regulatory and development requirements for integrating the drugs into the 
drug delivery system. It avoids potential contamination problems on drug packs, which is a 
significant issue where labels or printing are applied to plastic vials. Lengthy stability tests 
are required to ensure there is no leakmg of dyes or adhesives into the drug of the storage 
life of the product, which may be up to two years. 
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